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MEDICOLEGAL ASPECTS OF CHEMICAL TESTS OF
ALCOHOLIC INTOXICATION
Comments on Dr. I. M. Rabinowitch's Paper*
R. N. Harger
R. N. Harger, Ph.D., is Professor of Biochemistry and Toxicology at the Univer-
sity of Indiana School of Medicine. For the past twenty years he has conducted4
research directed toward the more accurate diagnosis of alcoholic intoxication, and
has been responsible for the development of the so-called "Drunkometer" now
being employed in many police departments as a "breath test" for estimating the
degree of intoxication. Since its inception in 1937 he has been a member of the
National Safety Council's Committee on Tests for Intoxication. One of his papers
on the subject of alcoholic intoxication "Some Practical Aspects of Chemical Tests
for Intoxication" appeared in this Journal in 1944 (Vol. 35).-EDITR.
This discussion will be mostly confined to certain sections of
Dr. Rabinowitch's paper which deal with questions that have
been rather extensively studied in our laboratory.
1. Plasma vs. Whole Blood (p. 229), and Serum Alcohol (p.
229). If Dr. Rabinowitch will pursue his suggestion regarding
the relationship of alcohol per cent and water content of body
tissues and fluids and will calculate the alcohol concentrations in
these materials, based on water content per unit vol?mne, he will
find the differences to be much less than he assumes. With
average human blood (1, 2) the serum, or plasma, has a specific
gravity of 1.027 and a water content of 90.7 per cent by weight,
while whole blood has a specific gravity of 1.055 and 79.1 per
cent of water by weight. This means that each 100 cc. of plasma
or serum contains about 93.1 cc. of water, and that each 100 cc.
of whole blood contains about 83.4 cc. of water. If the distribu-
tion of alcohol follows the water content, this would mean that
the concentration of alcohol per cc. of plasma or serum would
be about 12.5 per cent higher than the concentration of alcohol
per cc. of whole blood. Based on weight, the difference would
be somewhat greater; however, in this country we measure sam-
ples of body fluids by volume and not by weight, and the results
are usually given as weight-volume and not weight-weight.
To support his view Dr. Rabinowitch cites papers by Elbel
and Kunkele. Reference number 22 of his bibliography indicates
that, for Kunkele's paper and probably also for the paper by
Elbel, he did not read the original but depended upon a review
article by McGrath (R's reference #6). Elbel analyzed serum
and whole blood from ten drinking individuals, emjloying the
Widmark method of analysis. He found serum/whole blood al-
* The original publication of Dr. Rabinowitch's paper was in this Journal, July-
August (1948) issue, 38(2):225-253.
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cohol ratios of 1.05 to 1.25, with an average of 1.17. Thesej
figures are based on milligrams of alcohol per unit weight of
serum or whole blood. Since the specific gravity of whole blood
is about 3 per cent higher than that of serum, Elbel's ratios,
calculated on the basis of milligrams of alcohol per cc. of serum
or whole blood, become 1.02 to 1.21, with an average of 1.135.
Kunkele analyzed serum and clot from four samples of human
blood. Prior to being analyzed, the clot was washed briefly with
distilled water and quickly dried with filter paper. In spite of
this treatment, ]Kunkele found the clot to contain from 82 to 88
(ave. 86) per cent of the alcohol found in an equal weight of
serum. Since the cells have a specific gravity of 1.090 (1, 2) as
compared with 1.027 for serum, Kunkele's results, recalculated
as milligrams per cc., would give serum/clot alcohol ratios of
1.07 to 1.15 with an average of 1.11. The clot usually represents
about half the volume of whole blood, so this would mean an
error of only 3 to 8 per cent if serum were substituted for whole
blood. Kunkele further showed that longer washing of the clot
resulted, as would be expected, in much lower alcohol concen-
trations in it. It is not clear why he needed to wash the clot at all.
We (3) have recently studied this question, employing large
samples of blood drained from nine dogs which were decapitated
following the administration of alcohol. After being well mixed,
a portion of each blood sample was allowed to clot and a second
portion was prevented from clotting by the addition of about
.- per cent of sodium fluoride. After being stored for a few
hours in a good refrigerator, whole blood, plasma, and serum
from each of the dogs were analyzed for alcohol content. Our
plasma/whole blood alcohol ratios (wt.-vol.) ranged from 0.925
to 1.176 (ave. 1.050), and our serum/whole blood ratios varied
from 0.906 to 1.120 (ave. 0.990). The lower ratios which we
found for serum may be due to a little post-mortem destruction
of alcohol in the blood samples which did not contain fluoride (4,
5). At any rate, our results certainly do not support Dr. Rabino-
witch's statement that, with plasma compared to whole blood,
"Differences of 20 to 25 per cent axe the rule, and this applies
to serum." As for the single blood sample reported by him
where the plasma was said to contain a concentration of alcohol
31 per cent higher than the whole blood (wt.-vol.), this result
could perhaps be explained by a technician's error. A recent
survey by Belk and Sunderman (6) indicates that such errors by
technicians in clinical laboratories are entirely too frequent.
2. Capillary Blood (p. 232). Dr. Rabinowitch refers to a
paper by Haggard (R's reference #54) which reports tests with
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one dog which he found to have a venous blood/arterial blood
alcohol ratio of 0.47 one-half hour after receiving 3 grams of
alcohol per kilogram,' and 0.74 one hour after receiving the
alcohol. For intervals of 1i to 5 hours the ratio was close to
1.0. Haggard found heart blood to have practically the same
alcohol concentration as arterial blood, which one would expect.
We (7) have repeated this type of experiment using 17 dogs
which received orally one to four grams of alcohol per kilogram
and from which samples of peripheral venous blood and heart
blood were taken simultaneously 15 minutes, I hour, 1 hour, 2
hours, and 3 hours after giving the alcohol. For the time in-
tervals mentioned, we obtained the following results for venous
blood/heart blood alcohol ratios, employing blood from the
saphenous vein: 15 minutes 0.67-0.96, ave. 0.83; hour 0.79-
1.02, ave. 0.91; 1 hour 0.87-1.11, ave. 0.99; 2 hours 0.97-1.10, ave.
1.01; 3 hours 0.88-1.04, ave. 0.99. With 14 of the animals, we also
drew blood from the femoral vein. These showed the following
venous blood/heart blood alcohol ratios: 15 minutes 0.67-0.94,
ave. 0.80; hour 0.80-1.09, ave. 0.89. While our results also
show a lag in venous blood for the 15 minute period, and a little
for some of the dogs at I hour, the degree of lag with our ani-
mals was much less than that reported by Haggard, and our
figures indicate that for periods oi 1 hour or longer the two
types of blood have almost idental concentrations of alcohol. It
should also be pointed out that any lag which might occur in
peripheral venous blood would be in favor of the person being
tested, since it is customary to use peripheral venous blood and
not heart blood or arterial blood.
3. Blood vs. Brain (p. 236) and Equilibrium and Concentra-
tion (pp. 237-238). Dr. Rabinowitch quoted from the work of
Gettler, et al. who have published a few results which they claim
cast some doubt on the reliability of blood alcohol levels for
predicting brain alcohol concentrations. He also mentions that
we (8) found in 10 of 53 dogs analyzed, blood alcohol concentra-
tions 40 to 50 per cent greater than those found in the brain.
As regards our work reported in this paper, we used peripheral
venous blood and 14 of our dogs represented time intervals
which do not permit equilibrium storage in the body, particularly
in muscle tissue. With these 14 animals, the blood sample ana-
lyzed had just returned from the muscles and therefore exhibited
the lag mentioned in the preceding section of my comments. The
remaining 38 dogs of this series, which were killed after time
1 For a 150 pound person, 3 grams of alcohol per kilogram would mean a total
of almost 8 fluid ounces of pure alcohol or 17 ounces of 100 proof whiskey.
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intervals which would permit equilibrium storage in the entire
body, had an average blood/brain alcohol ratio of 1.24 (range,
0.88 to 1.55), expressed as milligrams of alcohol per cc. of
blood/milligrams of alcohol per gram of brain (1.18 for equal
weights of blood and brain). Of these 38 animals which had
reached equilibrium, 35 (92%) had blood/brain ratios within
± 20 per cent of the average of 1.24 and 27 (71%) within ± 15
per cent. Only one dog had a higher blood/brain ratio (+25%).
Our venous blood/heart blood ratio results mentioned in the
preceding section explain this lag in blood/brain ratio for the
animals killed at short intervals after receiving the alcohol, be-
cause the circulation to the brain is much better than that going
to the muscles and, therefore, the brain alcohol levels for these
time intervals more nearly approach those of heart blood. Gett-
ler, et al. (9, 10) have published heart blood/brain alcohol ratios
for 36 dogs, 5 of which were killed at intervals of 7 to 11 minutes
following administration of alcohol by stomach tube. His results
for 32 of these animals agree well with ours, the blood/brain
ratio (wt.-wt.) ranging from 0.77 to 1.44 (ave. 1.19). If Gettler's
blood analyses are expressed as weight-volume, this average
figure would be 1.255, while our corresponding figure was 1.24.
With his remaining 4 dogs the time intervals, dosage of alcohol
in grams per kilogram and blood/brain ratios were: 7 min., 2
Gm., 2.09; 11 min., 5 Gm., 1.86; 45 nin., 4 Gm., 1.75; and 47 min.,
5 Gm., 1.82. Had Gettler used peripheral venous blood instead
of heart blood, his ratios for these 4 dogs would certainly have
been lower and would have been more comparable with the type
of blood samples used with human beings.
We (11) recently investigated this point using 13 dogs which
were killed by decapitation 10 minutes after receiving 3 grams
of alcohol per kilogram by stomach tube. Samples of periph-
eral venous blood and heart blood were drawn simultaneously
a few seconds prior to decapitation. Immediately after the head
was severed the brain was removed for analysis. The peripheral
venous blood/brain alcohol ratios ranged from 0.75 to 1.15
(ave. 0.90), while the heart blood/brain alcohol ratios were 1.04
to 1.48 (ave. 1.24). Even in this series, we found no instances
where the heart blood/brain alcohol ratio was as high as those
of the 4 dogs reported by Gettler. We believe that Gettler's high
figures for these dogs is due to the fact that his animals were
killed with carbon monoxide and the blood sample taken from
the heart after death. Even in rapid carbon monoxide poison-
ing, the blood pressure falls considerably prior to the cessation
of respiration. This impaired circulation is particularly marked
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in the extremities, and it seems quite probable that heart blood
obtained following such a death would contain a much larger
proportion of blood from the portal vein via the liver. Falconer
and Gladnikoff (12) have reported that during the absorption
period the concentration of alcohol in portal vein blood is con-
siderably higher than in blood from the vena cava. Gatch and
Culbertson (13) have shown that the venous blood from an in-
tact section of small intestine, filled with 5 per cent alcohol in
water, contained as high as 25 milligrams of alcohol per cc. If
Gettler will repeat his dog experiments and use peripheral
venous blood taken immediately before the death of the animal,
we believe he will find no discrepancy whatever between his re-
sults and ours. As mentioned above, the blood/brain alcohol
ratios of 32 of his 36 dogs all fall within the limits found in our
series, using 53 dogs.
Blood/brain ratios for human beings have been reported by
Ellerbrook and VanGaasbeek (14), Stratton (15), and others.
Using autopsy material from 19 human cases, Ellerbrook and
VanGasbeek found heart blood/brain alcohol ratios ranging
from 0.88 to 1.29 (ave. 1.09). In one other human case when
death occurred after the consumption of 5 pints of liquor, they
found a ratio of 1.52 for heart blood/brain. Since the blood is
constantly transporting alcohol to, or from, various parts of the
body, one would not expect to find a perfect correlation between
the concentration of alcohol in the blood and in various body
tissues. However, the results given here do demonstrate that
the level of alcohol in peripheral venous blood parallels that in
the brain quite well. For dogs it is never more than 20 or 25
per cent above the equilibrium ratio of 1.24. For periods shorter
than 15 minutes, it may be considerably below the equilibrium
figure. This error would be in favor of the person being tested,
but in practice very few drivers are going to drink, have an
accident, and be tested all within a period of 15 minutes.
4. Breath Alcohol (pp. 242-243). In the 1938 paper describ-
ing our breath method (16), we gave all of our results for simul-
taneous analyses of blood and breath. These results included
tests done during the preceding 5 years, some of the earlier
breath analyses having been performed by internes with almost
no training in this procedure. In this paper we frankly stated
that the chart giving the correlation between the weight of
alcohol in 1 ce. of blood and in breath containing 190 mgs. of
CO2. showed considerable scattering. We pointed out that the
majority of errors would cause the calculated blood alcohol to




mentioned that increasing the volume of - permanganate from
0.5 cc. to 1 cc. had improved the accuracy of the method. Since
1938 the apparatus and procedure have been considerably im-
proved. A second series (17) of simultaneous breath and blood
analyses conducted recently shows a much better correlation be-
tween calculated and observed blood alcohol. This represents
100 consecutive analyses run on that number of breath and blood
samples simultaneously obtained from 33 subjects. With a given
subject, at least 1 hour elapsed between tests. The deviation
from unity between mgs. alcohol per 190 rags. breath C0 2/mgs.
alcohol per cc. of blood are given in the following table:
Within ±- 10% = 63
+ 11- 15% = 11
-11-15%= 6
+ 16 - 20% - 7
-16-20% 3
+ 21 - 25% = 3
-21-25% = 0
±-26-30%= 2
- 26- 30% = 4
+ 32%=- 1
Total 100
It will be observed that this series contains no case showing
such large errors as the 6 listed by Dr. Rabinowitch from the
1938 paper (16). The one subject where the calculated blood
alcohol was 32 per cent higher than the level found on direct
analysis, had clinical symptoms more nearly corresponding to
the calculated alcohol figure, suggesting that perhaps his periph-
eral venous blood was lagging behind the blood in the pulmonary
artery as regards the alcohol content. During the period* of
this lag in peripheral venous blood as compared with arterial
blood, the breath alcohol would probably be superior to venous
blood alcohol in predicting the level in the brain. In the 1938
paper (16) describing our breath method, we stated: "The
method described in this paper will probably not predict the
concentration of alcohol in the brain quite as closely as analysis
of blood, but we believe that the results are amply accurate for
practical purposes." The last clause was based upon improve-
ments which we had made at the time the paper was published,
which resulted in a better correlation between the calculated
and observed figures for blood alcohol. While the results given
in the above table show much improvement over our results
published in 1938, it is believed that the sentence quoted above
is still essentially correct.
Jetter and Forrester (18), from 79 simultaneous analyses of
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breath and blood, and Fabre (19), who tested a few subjects,
have confirmed our findings that the alcohol-CO 2 ratio of the
breath will reliably predict the concentration of alcohol in the
blood.
Dr. Rabinowitch mentions that the C0 2 content of alveolar
air is not always precisely 5.5 per cent, and states that it may
run as low as 4.7 per cent. While very few subjects will have a
C0 2 content of alveolar air this low, the maximum positive
error introduced would he only about 17 per cent. Alveolar air
concentrations above 5.5 per cent would, of course, result in an
error favoring the person being tested.
The possibility of regurgitation is brought up by Dr. Rabino-
witch. After running many hundred breath tests on drinking
subjects, I have yet to encounter a single case of regurgitation.
If it should occur, this ought to be obvious to the operator who
can quickly take care of the matter by having the subject rinse
his mouth with water. As shown by us (8) the concentration
of alcohol in stomach contents rather rapidly approaches that
of the blood so that regurgitation an hour or so after drinking
would produce very little error anyway.
As regards the general reliability of the alcohol-CO2 ratio in
predicting blood alcohol, I would say that the results of Jetter
and Forrester, together with our more recent series are about
as good as the correlations between urine alcohol and blood
alcohol which have been published (20, 21).
5. Alcohol Toleraiwe (p. 238). No one who is at all familiar
with this field can deny that some people are less affected by a
given concentration of alcohol than are o.ther people. The recog-
nition of this fact is the reason why certain technical committees
in this country have recommended that, for the purpose of in-
terpreting the results of chemical tests, drinking drivers be
divided into 3 groups and not into 2 groups (22, 23). Granting
that individuals differ in their tolerance to alcohol, the only
vital question involved in the interpretations recommended by
these technical committees is whether the limit of 0.15 per cent
blood alcohol is fair to all individuals. Most workers in this
field feel that it is. Certainly the careful studies recently pub-
lished by Newman (24) and Goldberg (25) do not show any
exceptions to this rule. Newman's subjects with blood alcohols
above 0.15 per cent exhibited decreases in driving skill ranging
from 16 to 24 per cent. Goldberg's subjects with blood alcohols
above 0.15 per cent, all of whom were heavy drinkers, exhibited
adverse results after drinking which deviated from their nor-
mals by amounts ranging from 40 to 564 per cent (26).
[Vol. 39
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6. Expert Opinion (p. 245). In our 1938 paper (16), we
stated, "It should be emphasized that chemical tests for in-
toxication should not exclude evidence such as observations
of eye witnesses and physical tests but that chemical tests
will give additional information, which is often sorely needed."
In this section Dr. Rabinowitch quotes largely from a few
critics of chemical tests for intoxication located in various parts
of the world. He fails, however, to mention reports from many
technical and scientific people in the United States and Europe
who, after much experience with these tests, are convinced that
they represent a vast improvement over the old eye witness
evidence regarding the sobriety of an automobile driver. In
particular, he should have mentioned reports of the American
Medical Association committee subsequent to 1937, especially
the 1939 report (22). T.is report not only recommends 3 zones
of body alcohol level and the interpretation for each zone but
also summarizes the matter in the folloving language, "The
medical profession is particularly fortunate in having these
chemical tests at its disposal. They will enable the profession
to avoid the well known 'disagreements of experts.' Their use
is recommended whenever physicians are called on to diagnose
degree of alcoholic influence for city and state enforcement
departments." This report then went to the A.M.A. Reference
Committee on Legislation and Public Relations, which reported
as follows (27), "The application of chemical tests is made, and
metes and bounds for medicolegal interpretation are set up.
Your reference committee considers the standards thus raised
to be fair and just and protective of the interests of both the
individual and the authorities. It recommends the adoption of
the report." Subsequently, the reports of the two above-men-
tioned committees were adopted by the House of Delegates of
the A.M.A. The reports of this A.M.A. technical committee
since 1939 have all reaffirmed the recommendations which they
made in 1939 and earlier.
Most of the critics of the 0.15 per cent -alcohol rule have over-
looked one very vital point. The recommendation of the tech-
nical committees of the A.M.A. and the National Safety Council
is that, for blood alcohol concentrations of 0.15 per cent or above,
this evidence be given prima facie status only. Now prima facie
does not mean the same as absolute. It simply means presump-
tive or until proved to the contrary. Therefore, any court which
is convinced that a particular driver with a blood alcohol above
0.15 per cent is an exception to the general rule, may return a
verdict of not guilty. This certainly renders unfounded any
criticism that the 0.15 per cent rule is too rigid. In my own state
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where the 0.15 per cent rule is incorporated into the state law,
we have had several acquittals where the driver was shown to
have a blood alcohol above 0.15 per cent.
Finally, Dr. Rabinowi6tch quotes from a 1940 paper by Pro-
fessor A. T. Cameron of Winnipeg, who stated that some of the
views expressed by the National Safety Council's committee on
tests for intoxication remind him of the slogan of the Royal
Canadian Mounted Police that they "get their man." To this
one might reply that, judging from some of the rather flimsy
objections raised by Drs. Cameron and Rabinowitch, our col-
leagues north of the border may be out to "get the chemical
tests." However, this, too, would be both unkind and unfair to
men of science who can have honest differences of opinion. I
would suggest to our Canadian confreres -that they spend an
equal amount of effort in giving these various methods a fair
trial, making sure that the directions are faithfully carried out.
They might also employ their talents to develop improved tests.
In the meantime, the disposition of the daily crop of drunken
driving cases cannot await absolute perfeetion in the field of
chemical tests.
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